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Abstract 
The present study attempts to analyze the long-term operation of a multiple dam system by combining the decomposition of the 
problem, various approaches of simulation and optimization, the combinations of objective criteria and the performance 
evaluation based on the robustness. One of the main objectives of this research is to promote a reasonable use of advanced 
systems analysis methods through the development of increasingly transparent models. Such an approach has provided the 
possibility to identify a number of relevant aspects of the strategic operation of complex systems multiple reservoirs water supply 
and to propose appropriate solutions to the respective problems. Most of the findings were considered consistent with historical 
experience of the operating practices of the existing dam system. In addition, several issues and questions were raised from the 
results that can serve as a justified basis further research in these directions. 
Keywords: Water transfer, dams, management, stochastic programming;  
1. Introduction 
The model of hydraulic systems (being able to have at the same time social, economic and environmental 
consequences) is fundamental in the comprehension of the actions to undertake, in the description of the capacity of 
the decision maker to apprehend these systems and to generate adequate information and the optimal scenarios. 
Thus, we try to present the optimization steps by stochastic dynamic programming and simulation. In this section, 
we will attempt initially to develop a technical objective function for the surplus dam and an economic objective 
function for the deficit dam to optimize the transfer of water between reservoirs, and in the second time, make 
assumptions to adapt the optimization procedure to be operational in a context of aridity and stochasticity resources 
while respecting the characteristics of our case of study. 
To illustrate the theoretical developments presented, we made a practice focused on system storage dams and 
irrigated perimeters located in Kairouan located in central Tunisia, where we present the modeling of a multi-
reservoir system in interaction with time and space, allowing on the one hand to optimize the rules of decision 
(releases) and on the other hand to simulate the results in order to lead better performance. 
2. Optimization on the surplus dam 
This section provides a detailed description of the two objective criteria used in this framework: the satisfaction 
of water demand quantities and the guarantee of a target stock in the dam. Moreover, an introduction and argument 
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about the combined uses of objective functions in different stages of optimization are also presented. In addition, 
detailed information about the combinations of objectives, used in the analysis, are exposed in descriptions of 
individual optimizations. 
1.1. Quantity demand satisfaction objective 
The objective of satisfying the demands in quantity is to minimize the deviation of the supply compared to the 
respective target demand. The objective function is defined as an aggregation of the squared deviations of supplies 
to meet the respective target demands with the right of all the individual demands and over the entire time period of 
the analysis: 
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Where: 
 : The realization of the demand satisfaction objective 
T: The number of time steps in the evaluation of the objective 
N: The number of demands 
 : The allocation of demand i at time step t 
 : The demand i at time step t 
1.2. Target stock objective 
The objective function of the target stock dam is very similar in form to that of the quantity demand satisfaction 
described in the previous paragraph. In fact, it penalizes the deviation of the final storage volume of a reservoir 
observed in simulation / optimization from the respective target stock. The function itself is defined as an 
aggregation of the squares of the deviations of the final stock relative to their respective targets of the individual 
reservoirs and all over the entire time period of the analysis: 
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Where : 
: The realization of the target stock objective 
M: The number of dams 
: The final stock observed dam j at time step t 
: The final target stock dam j at time step t 
1.3. Composite objective in optimizing the operating strategy 
The optimization of the operating strategy is implemented by using a stochastic dynamic programming mode 
(SDP). The SDP model applies the decomposition of the system and optimizes reservoir operating strategies 
individual dams in an iterative fashion. Therefore, the objective function does not reflect the achievement of the 
overall system objective as the model of optimization allocation, but only a contribution to the operation of a 
singular reservoir of the total objective function value. The adopted objective function is the sum of two 
components: The total annual releases of monthly deviation from the request squared, multiplied by a factor of given 
weight and The annual total of the squared deviation of monthly stock final against the respective target stock, 
multiplied by a factor of given weight. This objective function consists not require a transformation of either of its 
components as both represent volumetric quantities of the same type: 
     
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Where the symbols recently introduced are: 
 : A weight factor for the deviation component supply (  ) 
: A weight factor for the deviation component of the stock target (  ) 
It is sufficient to say at this stage that the two factors weights are positive real numbers pre-defined and must 
satisfy the condition: 
     
3. Optimization on the deficit dam 
1.4. Recursive equation 
We set  the income associated with the transition system from state i to the state j according to the 
management rule . 
It is supposed now that  is known for any transition from the system and any rule. The recursive equation of 
the SDP is thus: (LEBDI 1989). 
   
   


 
We set: 
  


  
 Is the expectation of the public revenue i according to the rule . The equation (5) thus becomes: 
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It is the general formulation of the problem of maximization of income in the form of discrete SDP. 
Where: 
*: definite as being itself the expectation of the income when the system at (n+1) periods at the end of the 
period studied and i initial state. 
* : probability transition from the system from state i to the state j when the adopted rule is . 
1.5. computing farmer income  
We put the assumption that the income of the farmer depends on only one variable which is the quantity of 
received water, in other term of the rule of adopted management .This rule involves the transition of the system 
from state i to the state j. 
We indicate by  this income which is defined as follows: 
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Where: 
 : Output of one hectare of the culture c. 
 : irrigated surface of the culture c (out of h) 
C: number of the cultures practiced in the perimeter. 
Once determined, the income of the farmer will be built-in the function objective to solve at the end the program 
of optimization. After convergence of the model, the performance of the management rule will be evaluated by 
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simulation. The management rule is considered to be effective if the simulated income is higher than the income 
indeed carried out. 
4. Results 
The results of optimization and simulation are very satisfactory since one led to the ideal result with regard to 
optimization, namely a rule of stationary management who filled perfectly the criteria of convergences, in the same 
way with regard to simulation which proved the effectiveness of this rule. Indeed the analysis of the results of 
optimization shows us that starting from the ninth iteration the rule of management becomes stationary, i.e. the 
decision does not change more than one year with another and it becomes independent of the period. Only the state 
of the dam informs us about the decision to take. 
The decision not to irrigate when the dam is with the E1 state can have negative consequences on the harvest and 
the income of the current period. This decision is irrational if one fixes like objective the maximization of the 
income over one period. However, it is completely rational to make such a decision if one fixes as objective the 
maximization of the income inter annual since with this objective it is rational to sacrifice one period a week or 
average harvest to have in against part and with a very strong chance a maximum harvest at the following period or 
even over several other periods and thus an income inter annual higher. 
The rationality of this decision is also proven by the statistics since with this decision (not to irrigate if the dam is 
with the E1 state) there is a probability of 38% and 45% to pass to the state E2 and E3 respectively to the following 
period, which gives us the possibility of releasing a quantity getting a maximum output (according to the stationary 
rule of management). Whereas with the decision to adopt R2 or R3 when the dam is with the E1 state, one is highly 
likely to remain with the E1 state (80% if one adopts the R3 rule) and this in addition to the risk not to carry out the 
desired offer (because to be made, the contribution must be higher than 23,8 mm3 if the state is with its maximum, 
but there are only 23% of chance that this will be carried out). 
The decision to adopt the R3 rule if the dam is with the state E2 or E3 appears very rational us for the second 
case (i.e. if the dam is with the E3 state) whereas for the first case (i.e. if the dam is with the E2 state) the decision 
can be explained, by the gotten high income and risks it which is more or less strong to pass to the E1 state after one 
period. I.e. the report/ratio gotten risk, encourages us to adopt R3. 
Let us note also the absence of the rule of R2 decision in the stationary rule of management, this can be explained 
by the fact that to adopt R2 is not beneficial long-term, since to choose R2 if the dam is with the E1 state does not 
get a high income which can compensate for the risk to thus remain with the state E1 (60% of chance to remain with 
the E1 state) it is better not to irrigate a period in order to have and with a strong probability (38%+45%=83%) a 
maximum income at the following period. In the same way, to choose R2 if the dam is with the E2 state does not get 
a considerable income, whereas if this rule is adopted one has almost the same probability of passing is with the 
state E2 or E3. Therefore, it is more rational to choose R3 which gives us a report/ratio returned risk to pass to the 
E1 state much better. One will precede now by simulation to evaluate the performance of the result of optimization 
i.e. the stationary rule of management. 
5. Conclusion 
The procedure of optimization carried out previously is repeated with the imposition of the constraint to ensure a 
minimal income the farmers, this procedure gave us satisfactory results, but of least degree that those obtained with 
optimization without constraints, since the income inter annual simulated passed from 129.03 to 118.08 thus 
recording a fall of 10.95. 
These changes also touched the rate of deficit, which passed from 0% to 1,33%. However, this new rule obtained 
is most effective since it could jointly solve the problem of the variability of the resources and the irregularity of the 
annual income. 
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